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SPECIFICATION 



CONDUCTIVE RESIN COMPOSITION, FUEL CELL SEPARATOR AND 
METHOD FOR PRODUCING FUEL CELL SEPARATOR 



FIELD OF THE INVENTION 
The present invention relates to a conductive resin 
composition, and particularly to a conductive resin 
composition suitable as a material for a fuel cell 
separator. Further, the invention relates to a fuel cell 
separator and a method for producing the same. 

BACKGROUND OF THE INVENTION 
In recent years, demand for fuel cells in which 
chemical energy of fuel is converted to electric energy has 
been glowing. In general, a fuel cell is in the form that 
a number of unit cells are stacked, each of which comprises 
an electrolyte-containing matrix, electrode plates having 
the electrolyte-containing matrix therebetween, and 
separators arranged on the outsides thereof. 

Fig. 1 is a perspective illustration showing an 
embodiment of a general fuel cell separator, and a 
plurality of partition walls 7 are provided in a protruding 
state at specific intervals on both sides of a flat plate 
portion 6. In order to fabricate a fuel cell, a number of 



1 



I 



fuel cell separators 5 are stacked along the protruding 
direction (the vertical direction in Fig. 1) of the 
partition walls 7. This stacking allows various fluids to 
flow through channels 8 formed by pairs of adjacent walls 7. 

Usually, fuel is supplied to one side of the fuel 
cell separator 5, and a gaseous oxidizing agent etc, is 
supplied to the other side thereof. Accordingly, the fuel 
cell separator 5 is required to be excellent in gas 
impermeability (gas sealability) so that both are not mixed 
with each other. Further, the separator is required to be 
light in weight and low in cost, as well as to have high 
conductivity, because the unit cells are used in the 
stacked form. To such requirements, fuel cell separators 
obtained by molding compositions in which carbon powder is 
blended as a conductive filler with resins have hitherto 
been mainly used. In order to further improve conductivity, 
gas barrier properties and strength, a fuel cell separator 
has been proposed in which carbon fiber and carbon 
nanotubes are blended as a conductive filler with a 
thermoplastic resin (for example, see reference 1). 

[Reference 1] 

JP-A-2002-97375 (the term "JP-A" as used herein 
means an "unexamined published Japanese patent 
application' 7 ) 
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SUMMARY OF THE INVENTION 
However, the fuel cell separator in which carbon 
fiber and carbon nanotubes are blended with a thermoplastic 
resin has a disadvantage in fluidity of a conductive resin 
composition, a raw material for molding, because it 
contains the carbon fiber. Accordingly, there is a 
possibility of failure to obtain sufficient dimensional 
accuracy in molding. The fuel cell separators 5 are used 
in the stacked form as shown in Fig. 1, so that when the 
dimensional accuracy of the partition walls 7 is low, gaps 
are formed between the partition walls, which causes fluids 
to mix with each other. 

The present invention has been made in view of such 
a situation, and an object thereof is to provide a 
conductive resin composition having good fluidity, 
excellent conductivity as a matter of course, and 
particularly suitable for the production of a fuel cell 
separator. Another object of the present invention is to 
provide a fuel cell separator having excellent conductivity, 
high dimensional accuracy and excellent gas sealability at 
low cost, using the above-mentioned conductive resin 
material . 
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In order to achieve the above-mentioned objects, the 
present inventors have conducted intensive investigation. 
As a result, the inventers have discovered that the 
concomitant use of graphite powder, fine carbon fiber 
having a fiber diameter of 1 to 500 nm and a hollow 
structure (and optionally carbon black) improves fluidity, 
as well as conductivity, to give a conductive resin 
composition applicable to injection molding and extrusion 
molding, thus completing the present invention. 

That is to say, in order to achieve the above- 
mentioned objects, the present invention provides a 
conductive resin material, a fuel cell separator and a 
method for producing the fuel cell separator described 
below: 

(1) A conductive resin composition comprising a 
resin component and a conductive filler, wherein said 
conductive filler comprises a graphite powder and a fine 
carbon fiber having a fiber diameter of 1 to 500 nm and a 
hollow structure. 

(2) The conductive resin composition according to 
item 1, which further comprising carbon black. 

(3) The conductive resin composition according to 
item 1, wherein the resin component is present in an amount 
of 20 to 50% by weight based on the total weight of the 
conductive resin composition, and the conductive filler is 
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present in an amount of 50 to 80% by weight based on the 
total weight of the conductive resin composition, 

(4) The conductive resin composition according to 
item 1, wherein the weight ratio of the graphite powder to 
the fine carbon fiber in the conductive filler is from 1:1 
to 1:30. 

(5) The conductive resin composition according to 
item 2, wherein the weight ratio of the graphite powder to 
the carbon black in the conductive filler is from 1:1 to 
4:1. 

(6) The conductive resin composition according to 
item 2, wherein the weight ratio of the carbon black to the 
fine carbon fiber in the conductive filler is from 1:1 to 
7:1. 

(7) The conductive resin composition according to 
item 6, wherein the weight ratio of the graphite powder to 
the sum of the carbon black and the fine carbon fiber in 
the conductive filler is from 1:1 to 4:1. 

(8) A fuel cell separator comprising a conductive 
resin composition according to item 1. 

(9) A process for producing a fuel cell separator 
comprising the steps of: providing a conductive resin 
composition according to any one of item 1; molding the 
conductive resin composition by injection molding or 
extrusion molding. 
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In the following description, the fine carbon fiber 
having a fiber diameter of 1 to 500 nm and a hollow 
structure is briefly referred to as "hollow fine carbon 
fiber" . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective illustration showing an 

embodiment of a fuel cell separator used in the present 

invention and prior art. 

Fig. 2 is a schematic view showing a test apparatus 

used for the evaluation of fluidity in Examples and 

Comparative Examples . 

DETAILED DESCRIPTION OF THE INVENTION 
Conductive Resin Composition 

A conductive resin composition of the present 
invention contains a resin component and a conductive 
filler, and it is an important requirement to use (1) a 
combination of a graphite powder and a hollow fine carbon 
fiber, or (2) a combination of a graphite powder, a carbon 
black and a hollow fine carbon fiber as the conductive 
filler. As shown in EXAMPLE described later, when a 
graphite powder, a carbon black and a hollow fine carbon 
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fiber are each independently used, the conductive resin 
material having high fluidity and high conductivity 
intended in the present invention cannot be obtained* On 
the other hand, the conductive resin composition excellent 
in conductivity and fluidity is obtained by blending the 
combination of the conductive fillers according to the 
present invention, and when the composition is formed, for 
example, into a fuel cell separator, the fuel cell 
separator having high conductivity, high dimensional 
accuracy, excellent sealability and high strength is 
obtained. 

Although there is no particular limitation on the 
kind of resin used in the present invention, examples of 
thermosetting resins include a phenol resin, an epoxy resin, 
a polyimide resin, a furan resin and a diallyl phthalate 
resin. They can be used alone or as a mixture of two or 
more thereof. Further, examples of thermoplastic resins 
include polypropylene, polymethylpentene, a polycarbonate, 
ABS, polyethylene terephthalate, polybutylene terephthalate, 
a polyamide and a liquid crystal polyester. They can be 
used alone or as a mixture of two or more thereof. 

As a graphite powder used in the present invention, 
there may be used natural graphite such as flake graphite, 
artificial graphite or granular graphite. In general, 
expanded graphite obtained by treating flake graphite with 
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concentrated sulfuric acid and heating the treated graphite 
is preferably used. 

Preferred examples of carbon blacks used in the 
present invention include Ketjen black, acetylene black, 
thermal carbon black and furnace carbon black, and they are 
preferably used alone or as a combination of two or more 
thereof. Ketjen black and acetylene black are developed as 
high-conductive fillers, and obtained by imperfect 
combustion of natural gas and thermal decomposition of 
acetylene gas, respectively. Thermal carbon black is a 
carbon having a large particle size obtained by thermal 
decomposition of natural gas, and examples thereof include 
FT carbon and MT carbon. Furnace carbon black is a filler 
obtained by imperfect combustion of hydrocarbon oil or 
natural gas, and classified into SAF, ISAF, IISAF, HAF, FF, 
FEF, MAF, GPF, SRF and CF, depending on the particle size. 
Among these various carbon blacks, Ketjen black, acetylene 
black or furnace carbon black large in specific surface 
area or high in DBP oil absorption is more preferred. 

The hollow fine carbon fiber includes a so-called 
carbon nanotube. The carbon nanotube is a material 
discovered in the production process of C 60 fullerene 
molecules, having a single layer structure in which a 
carbon hexagonal mesh face is cylindrically closed, or a 
multiple layer structure, and having a hollow structure, a 
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diameter of 1 to 100 run and a length of 1 to 10 ym. There 
is no limitation on the kind of nanotube, and both the 
nanotube having the single layer structure and one having 
the multiple layer structure can be used. Further, as 
methods for synthesizing the carbon nanotube, there are 
various processes such as an arc discharge process, a laser 
abrasion process, a hydrocarbon catalyst decomposition 
process and a CVD process. 

Further, the follow fine carbon fiber also includes 
carbon nanofiber, as well as the carbon nanotube. The 
carbon nanofiber is hollow carbon fiber having a fiber 
diameter of 100 to 500 nm and a fiber length of 10 to 500 
inn. The carbon nanofiber can be synthesized by a vapor 
phase process. For example, a mixed gas of hydrogen and 
hydrocarbon is introduced into a reaction tube in an 
electric furnace kept at 1100°C to produce vapor-phase- 
grown hydrocarbon by the catalytic effect of an ultrafine 
particle metal, and the resulting vapor-phase-grown 
hydrocarbon is heat treated at 2,500°C, thereby obtaining 
the carbon nanofiber. Such carbon nanofiber is also 
disclosed in JP-A-2002-235279 and JP-A-2003-20527 . 

The graphite powder, the carbon black and the hollow 
fine carbon fiber are different from one another in size. 
Relatively, the graphite powder is large in particle size, 
the carbon black is intermediate in particle size, and the 
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hollow fine carbon fiber is small in fiber diameter. 
Accordingly, when these are used together to prepare the 
conductive resin composition, the hollow fine carbon fiber 
enters gaps between particles of the graphite powder and 
between particles of the carbon black, and the carbon black 
and the hollow fine carbon fiber enter gaps between 
particles of the graphite powder, thereby each forming good 
conductive paths. Above all, the concomitant use of three 
kinds of the graphite powder, the carbon black and the fine 
carbon fiber makes the conductive paths denser. In order 
to form such conductive paths, the graphite powder 
preferably has a primary particle size of 50 to 500 jam, and 
the carbon black preferably has a primary particle size of 
0.1 to 20 ym. In a conventional conductive resin 
composition, a resin material enters between conductive 
filler particles, which make it difficult to form 
conductive paths between the conductive filler particles. 
However, in the conductive resin composition of the present 
invention, conductive paths as described above are ensured, 
and high conductivity is obtained. 

Further, in order to more securely ensure the above- 
mentioned conductive paths, when the graphite powder and 
the hollow fine carbon fiber are used together, the weight 
ratio of the graphite powder to the carbon fiber is 
preferably from 1:1 to 1:30. Similarly, when three kinds 
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of the graphite powder, the carbon black and the hollow 
fine carbon fiber are used together, the weight ratio of 
the graphite powder to the carbon black is preferably from 
1:1 to 4:1, and particularly preferably from 3:2 to 7:2. 
Further, the weight ratio of the carbon black to the hollow 
fine carbon fiber is preferably from 1:1 to 7:1, and 
particularly preferably from 2:1 to 5:1. Further, the 
weight ratio of the graphite powder to the sum of the 
carbon black and the hollow fine carbon fiber is preferably 
from 1:1 to 4:1. 

In order to more securely ensure the above-mentioned 
conductive paths, the compounding amount of the conductive 
filler is preferably from 50 to 80% by weight in total 
based on the total weight of the conductive resin 
composition in any of the above-mentioned combinations. By 
adjusting it to 50% or more by weight, lower resistivity 
(higher conductivity) can be ensured, when the composition 
is formed into the fuel cell separator. In order to 
further pursue conductivity, it is preferred that the 
compounding amount of the conductive filler is preferably 
within the range of 70 to 80% by weight based on the total 
weight of the conductive resin composition. 

In order to more securely ensure the above-mentioned 
conductive paths, corresponding to the above-mentioned 
compounding amount of the conductive filler, the 
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compounding amount of the resin component is adjusted to 20 
to 50% by weight based on the total weight of the 
conductive resin composition. The compounding amount 
within this range further enhances fluidity of the 
conductive resin composition, and improves moldability, 
shape-retaining properties of a molded product and 
releasability of a molded product from a mold. When the 
conductive resin composition is formed into the fuel cell 
separator, gas sealability is further enhanced coming from 
its high dimensional accuracy. 

Various fillers that have hitherto been blended with 
conductive resin compositions may be blended within the 
range in which no adverse effect is exerted on moldability 
and conductivity, when costly allowed. 

The conductive resin composition can be prepared by 
various well-known molding methods. In general, the resin 
is heat-melted and kneaded, and the conductive filler is 
added thereto in a specific amount in a predetermined 
combination. Then, the resulting mixture is kneaded by use 
of a kneading means such as a kneader or a Banbury mixer to 
prepare the conductive resin composition. In this 
preparation, a melt mixing process is generally used, and 
performs mixing with fluidity of the resin enhanced. 
Accordingly, the conductive filler can be easily uniformly 
mixed with the resin. As a result, the stability of the 



12 



resulting conductive resin composition is enhanced. In the 
present application, the kneading temperature is from 200 
to 300 °C, and the kneading time is 5 to 15 minutes. 

In the present invention, electric resistance of the 
conductive resin composition can be appropriately set 
according to its use. In general, when the composition is 
formed into the fuel cell separator, the electric 
resistance is preferably 50 mQ-cm or less, and more 
preferably 10 mQ-cm or less. Electric resistance of the 
conductive resin can be controlled by regulating 
compounding amount and compounding ratio of the conductive 
fillers . 

Further, for molding the conductive resin 
composition of the present invention, various molding 
processes are available, and can be appropriately selected 
according to the molded product. For example, there can be 
applied compression molding, injection molding, extrusion 
molding, transfer molding, blow molding and injection 
compression molding. The conductive resin composition of 
the present invention has high fluidity as described above, 
so that injection molding and extrusion molding are 
possible. Accordingly, the molded product can be obtained 
efficiently, and this is advantageous in production cost. 
The fluidity measured by the measuring method shown in Fig. 
2 is preferably 30 % or more. Molding conditions in each 
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molding process can be appropriately set depending on the 
composition and physical properties of the conductive resin 
composition . 

Fuel Cell Separator 

The fuel cell separator of the present invention is 
obtained by molding the above-mentioned conductive resin 
composition of the present invention. There is no 
limitation on the shape and structure thereof. For example, 
the shape shown in Fig. 1 can be taken. Further, as for 
the molding process, although compression molding which has 
hitherto been used is of course available, injection 
molding or extrusion molding is employed in terms of cost. 
As described above, the conductive resin composition of the 
present invention has high fluidity, so that injection 
molding and extrusion molding are sufficiently possible. 
There is no limitation on the molding conditions, which can 
be appropriately set depending on the composition and 
physical properties of the conductive resin composition. 

EXAMPLES 

The present invention will be illustrated in greater 
detail with reference to the following examples and 
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comparative examples, but the present invention should not 
be construed as being limited thereby. 

The following conductive filler and thermoplastic 
resin were mixed at compounding ratios (wt. %) shown in 
Table 1 by a melt mixing process, and further kneaded to 
prepare kneaded products. Then, the kneaded products were 
molded into test pieces by a method shown below. Further, 
the evaluation of fluidity was made using the kneaded 
products, and electric resistance was measured for the test 
pieces . 

Conductive Filler 

Graphite powder 

(expanded graphite: thermal expanded graphite, 
- manufactured by NIPPON GRAPHITE INDUSTRIES LTD., 

particle size; about 400 to about 800 jum) 
Carbon black 

(acetylene black: Denkabluck, manufactured by DENKI 
KAGAKU KOGYO KABUSHIKI KAISHA, particle size; 
about 5 to about 10 |iim) 
Hollow fine carbon fiber 

(VGCF, manufactured by SHOWA DENKO K.K., fiber 
diameter: about 100 nm, fiber length: 10 to 400 
Mm) 
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The particle diameters of the graphite powder and 
carbon black described above stand for the diameter of the 
primary particle diameter. 

Thermoplastic Resin 

Polymethylpentene 

(RT-18, manufactured by Mitsui Chemicals, Inc.) 

Production Process 

The thermoplastic resin was melted by heating, then 
the expanded graphite, the carbon black and hollow fine 
carbon fiber were added thereto and kneaded with the 
thermoplastic resin in this order to obtain the conductive 
resin composition. A mold coated with a releasing agent 
was filled with the kneaded product, and compression 
molding was conducted at 240 °C at a pressure of 100 MPa. 
Thus, the kneaded product was molded into a sheet of 100 mm 
X 100 mm X 0.7 mm to obtain the test piece. 

Fluidity 

The measurement of fluidity was made in accordance 
with JIS K7210, a flow test method of a thermoplastic resin. 
That is to say, as shown in Fig. 2, a test apparatus 
comprising a hole 1 having an internal diameter of 10 mm 
and a hole 2 having an internal diameter of 1 mm disposed 
at the lower part thereof in such a manner that they were 
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communicated with each other was heated at 300°C, and a 
preformed product S (weight A) having an outer diameter of 
8 mm which was formed of the above-mentioned kneaded 
product was put in the hole 1. Then, the preformed product 
was pushed into the hole 1 with a pressing member 3 at a 
constant load (10 MPa) , and maintained for 4 hours. 
Thereafter, a sample 4 which flowed out of the hole 2 was 
cut out, the weight B thereof was measured, and fluidity 
was determined by the following equation. The results 
thereof are shown in Table 1. 

Fluidity = (weight B of sample 4)/ 

(weight A of preformed product S) X 100 (%) 

Resistance 

Resistance was determined in accordance with JIS 
K7194, a resistivity test method by a four-probe method of 
a conductive plastic resin. That is to say, using a 4- 
probe conductivity meter, Loresta CP (manufactured by 
MITSUBISHI CHEMICAL CORPORATION), surface resistance value 
was measured, and the value was multiplied by the thickness 
of the sample (0.7 mm) and the fudge factor according to 
JIS K7194 to give volume resistivity. The results thereof 
are shown in Table 1. 
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As shown in Table 1, it is revealed that the kneaded 
products or the test pieces of the respective Examples in 
which the graphite powder, the carbon black and the hollow 
fine carbon fiber are blended with the thermoplastic resin 
in combination according to the present invention are high 
in fluidity and have high conductivity, compared to the 
case where the graphite powder, the carbon black or the 
hollow fine carbon fiber is blended alone, or the case 
where the graphite powder and the carbon black are blended 
in combination, as shown in Comparative Examples 1 to 4 . 
Further, as shown in Example 4, it is revealed that a resin 
amount of 20% by weight or more ensures necessary fluidity. 
Still further, as shown in Examples 2 to 4 or 9 to 11, it 
is revealed that the resistance becomes lower with an 
approach to the optimization of the compounding ratios of 
the carbon black to the hollow fine carbon fiber and the 
compounding ratio of the expanded graphite to the other 
conductive filler . 

Further, when the kneaded products of the respective 
Examples were injection molded, they could be easily molded 
into sheets of 100 mm X 100 mm X 2 mm. This shows that the 
fuel cell separators can be provided at low cost. 
Furthermore, the kneaded products were injection molded, 
setting the sheets to a thickness as thin as 1.5 mm. As a 
result, the kneaded products of the respective Examples 
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could be molded, but the kneaded products of Comparative 
Examples 1 to 3 suffered the defect that they could not be 
molded because of their low fluidity. 

As described above, according to the present 
invention, there is provided the conductive resin 
composition having high conductivity and high fluidity at 
the same time, and excellent in moldability. Further, the 
use of this conductive resin composition of the present 
application allows to provide the high-strength fuel cell 
separator having high conductivity and excellent in gas 
sealability at low cost. 

While the present invention has been described in 
detail and with reference to specific embodiments thereof, 
it will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing the spirit and scope thereof. 

The present application is based on Japanese Patent 
Application No. 2003-073660 filed on March 18, 2003, and 
the contents thereof are incorporated herein by reference. 



